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450
;-
INFORMATION| INFORMATION | Viayp |[Veawe | VT | VT |ADDRESS | CODE
"N mN" | VOLTAGE [EXAMPLE l\?/zhlélé EXAMPLE VALUE
VALUE | VALUE ALUE E’Ct}’tg (BINARY)
(DECIMAL) | (BINARY) (Vott)
N N Vi |[-10 | | ] B
400 ! . . LN
L] __0 _]00000000 |, VO_|_0_| Vis |05 | ADDR,_| __ _ | ;
1 |00000001| Vi | O.1 0.1 | ADDR
2 100000010 V2 | 0.2 0.2 | ADDR;
3 |00000011| V3 | 0.3 0.3 | ADDR;
1 __4 _[00000100| v4_| 04 |___| 04 |ADDR_|__ _| _
! 5 [ 00000107[; V5 | 05 | Vtw | 05 | ADDRs
401 . . . . . . 011
L]0 _Q09091_01_ L V10_ | 1.0 | Vte | 1.0 [ ADDRo | __ _ | _
F 157 ho‘oﬁoﬁ MIVI5 |15 [ Vtw | 15 |ADDRs |~ ] B
402 : - . . . . 001
L1_20_ _0_0Q191_0Q |, V20_| 2.0 | Vb | 2.0 | ADDRyp | _ _ | -
Fl T2 ho’oﬁﬁo‘m‘ V25 |25 | Vtw | 25 |[ADDRs | B
403 . . . . . . 101
L] 30 _0_0(l111_1Q |, V30_| 3.0 | Vtw | 3.0 |ADDRy | _ _ _ _
F T3/ '601'060"11' (V35 |35 ] Wt | 35 JADDRs |~ ] B
404 : o : : : : 100
Ll 40_ _0_01_01099 L V40 | 40 | Vhe | 40 JADDRe | | _
rT 45 '0"01'0‘1 101, V45 | 45 | Via | 45 |ADDRs | | B
405 . e . . . . 000
L] _50_ _0_01_190_19 L V50_ | 50 | Vts | 50 | ADDRsy | __ | _
F 1755 '0'01'161'11‘1 V55 1755 | Vtw | 55 | ADDRss | | B
406 : e . . . . 101
L] _ 60 _ _0_01_111_0QJ V60_ | 6.0 | Vte | 6.0 |ADDRe | | _
r 165 |01 6060‘01' V65 1765 | Wtn | 65 |ADDRs | | -
407 A . - : . . . 110
LL_T70_ _0_1Q091JQ |, V70_| 7.0 | Mt | 7.0 | ADDRn | | _
75 |o1001011| vi5 | 75 7.5 | ADDRys
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INFORMATION| INFORMATION | Veayp |Veawp | VT | CHANGED | VT [ADDRESS | CODE
N "N" | VOLTAGE |[EXAMPLE| VALUE| vy |EXAMPLE VALUE
VALUE | VALUE VALUE | RANGE | VALUE | WALUE (BNARY)
(DECIMAL) | (BINARY) (Volt) RANGE | (Volt)
r-rr-——=71-~-~—7 T~ ""T"""T"w. 1 w. ~ - A T T T R
400A4 . Vi | Ve 110 '
| | | M * »
L_L| »~0__00000000)y VO _| O _| Ve | Vto _[-05_|ADDRy |__ _ |_
4001 | 00000001 V1 | 0. 0.1 | ADDR,
2 |oooooo10| v2 | 0.2 0.2 | ADDR,
_ 3 |ooo00011| v3 | 0.3 0.3 | ADDR;
o174 _|4914_ |oo000100| v4 | 04 | | Ve _| 04 | ADDR, | |
T4 [ 75 |o0000101 |1 V5 05| Vi | 0.5 | ADDRs
o, . . . M Vi . . o1
LL_10 | 90_09010_1 V10 | 1.0 | Mg | [ 10 _|ADDRy | _
4020 |__i__ RSN T A AR S-S N R _
_rr v 35 00001111 1Vi5™ [ 157 Via 15 [ ADDRss
402" ﬁ] , : Lo : Do : : 001
R L__Z__9091_01_09 V20 | 20 | Vts |_+_ | 20 [ADDRx |__ _ |_
22 (403 : : : Ve : :
T Y25 "1 a0011001 Tvos [ 25 "wi. 1~ "7 98 | ADDR.. | R
55 25 0001 1001 [1 V25" [ 257 | Vi Ve 25" [ ADDR:s o
03 L__éo__9091_11_19J'l/39__}9__\£tsa___:____39__‘\_09%______
Bt 4042 |1 RN R R Voo | s _ .
404" 35 {" ¥ 35 00100011 7| V35 | 35 | Vi | Viw 35 | ADDRy
. . . . . . : . 100
40 || 40 100101000 | VA0 | 40 | Wty | Vew | 40 | ADDRe | |
g T e Lo |L__1_ LA S A - _
40574 :‘ 45 00101 101 1. Va5 | 45 | Via : 45 | ADDRss
< . . . . Vise . . 000
47 1 _s0 oot 1.0919 [ V50 | 50 | Vs | | 50 |ADDRs | ___ )
B3 4960 | L _ e Lo Mee Lo _
408477 M55 7/ 001 101 M1Vs5 [ 55 | Wt | ¢ 55" [ ADDRss
L59 I : | : : . Vt53' . . 101
L _60 _ 90_”_11_09 V60 | 60 | Vtew | _ _ | 60 |[ADDRe | _ |
47 | _+__ RSN T I U RS T I
e o1ooooo1 1 V65~ [ 65 | Wt 65 | ADDRss
4071,.:_69 | . . . . Vow . . 110
Lo LL_T70 _91_0Q01_19 V70 | 70 | M |_e_ | 70 _[ADDRy | | _
74 : R Vo L]
75 |ot001011| vis | 75 7.5 | ADDRys

FIG. 3B
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INFORMATION | INFORMATION | Viawp | VRawp CHNGED|  |B
"IN” "IN" | VOLTAGE [DXAMPLE| VT | VT |, Huwlzw
VALUE | VALUE VALUE | VALUE | VALUE |22 2 5
(DECIMALL) | (BINARY) (Volt) | RANGE | RANGE | 5~ =
495 24 100000000 | v24_ | 2.4
25 ~ 7100000000, | V25~ |25 || Vtu
26 | 000000011| V26 | 2.6 6134
27 |00000010!| V27 | 2.7 . 633 |643
28 | 00000011, V28 | 2.8 . (|
29 |000001001| V29 | 2.9 Vis
| __ 30 _00000000;|_ V30_]_3.0 _|iVts
31~ 7| 00000001 | V31~ | 3.1 . wail-a
3200000010 | V32 | 32 | g 3>\ .
33 | 00000011 | V33 | 3.3 5N
404 34 _ 100000100 | V34 | 34 | 614 Vig
35 ~ 7| 000000007 | V35 T35 7| Vi Us [ Viwr g 634
36 | 00000001,| V36 | 3.6 Tl Al-644
37 | 00000010:| V37 | 3.7 . . o 1o
38 | 00000011'| V38 | 3.8 . .
39 |00000100)| V39 | 3.9
| _ _ 40 _ 1000000001 |_ V40_ | _4.0 _|iVis 3T Ve
417100000001 | V41~ | 4.1 614,
42 | 00000010 | V42 | 4.2 711 Vs
43 | 00000011 | v43 | 43 | 61 5A>/
495 44 100000100 | v44_ | 44 izl
45 | 00000011, V45 | 45 |V, .
46 | 000001001| V46 | 4.6
47 | 00000000!| V47 | 4.7 . Visg
48 | 00000001, V48 | 4.8 iR T
49 |00000010'| V49 | 4.9 615, | 635 |645
| __50 _ | 00000011;|_V50_ | 5.0 |V
51 ~ 00000100 |~ V51~ | 5.1




U.S. Patent Jul. 7, 2015 Sheet 9 of 11 US 9,076,547 B2

202
FIG., 7 730 .
740 >
200 2 § SeLb_| J
VOLTAGE
GENERATOR Y g’ Vpass }F
- 'g Vpass “::I
741 78S I
N v “hay p
RAMP | &3 €5 [VRAMP Nl
P R EC | 2617 =
742 743 = Vpass ,p 210
745\ > Lo I :]
DIGITAL |
SOURCE 5L 270
746, N »
COUNTER BLO
220, 280 ['sensE
STORAGE AMP
225, UNIT SEN_OUT,
COMPENSATION
UNIT 250. 1
CODE, A
IN COMP, COMPi CODEi LATCH
_:> . —> . :\/ CIRCUIT
COMPy CODEx
214

/0 CIRCUIT




US 9,076,547 B2

Sheet 10 of 11

Jul. 7, 2015

U.S. Patent

5
=
S
00
A ,L
. o) %
S A |
[Te) — [n
M =S w —
(o o] o N
S W w \ —
) o i
RN
A
[
[}
o™ =
)~ (5]
o0 =
o
o
r-fT————~7~~~>~~"~" "~~~ I S A S
I |
— | |
M |
8_ |
1T 1T 1T 17 17 1T 17T _
w } |
S v L1 __ 4 ____L____ i
M
o __1l__ __J- e e e e L - N R (NN [ AU M A SN AN
r----TTr—--—-=---1---=--r-=---"--T-—= ) [ "
1 1 1
I [ |
] o <t+se woon NQDM %l.m Q-.“ m..—w‘vd WOIM 11 o H 7__ A_T o H H A_| |
| 11 |
1 ) ) ,ﬂ/w. ) ) ) .0 ) I w _
| o ~— o] <+ l_.a [(o] ™~ 11 © = N M < U O M~ |
S Q = o T T &« &+ ¥ < <
! © o 9] ] S 3 © S ') O 0O 0 00O © 0 © @ |



U.S. Patent Jul. 7, 2015 Sheet 11 of 11 US 9,076,547 B2

900

910\
STORE INFORMATION IN A MEMORY CELL
DURING A WRITE OPERATION
920\
RETRIEVE INFORMATION FROM THE MEMORY CELL
DURING A READ OPERATION
930\
PROVIDE A COMPENSATION VALUE
DURING THE READ OPERATION
940\
SELECT A CODE TO
REPRESENT A VALUE OF THE INFORMATION
DURING THE READ OPERATION

FIG. 9
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1
LEVEL COMPENSATION IN MULTILEVEL
MEMORY

RELATED APPLICATIONS

This application claims the priority benefit of U.S. appli-
cation Ser. No. 13/219,439 filed Aug. 26, 2011, the contents
of'which are incorporated herein by reference in their entirety.

This application also claims the priority benefit of U.S.
Provisional Application Ser. No. 61/620,628, filed Apr. 5,
2012, and the priority benefit of U.S. Provisional Application
Ser. No. 61/620,636, filed Apr. 5, 2012, the contents of which
are incorporated herein by reference in their entirety.

BACKGROUND

Memory devices are often used to store information in
many products such as computers, digital televisions, digital
cameras, cellular phones, and other electronic products. Such
memory devices usually have numerous memory cells to
store information. In some of these memory devices, the
values of information stored in the memory cells can be based
on the threshold voltage values of the memory cells. Factors
such as changes in operating temperatures and voltages of the
memory device may cause the threshold voltage values of the
memory cells to change. This may cause the values of the
information stored in the memory cells to deviate from their
original values. Therefore, the memory device may give
incorrect values for the information when the information is
retrieved.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a block diagram of an apparatus in the form
of a memory device, according to an embodiment of the
invention.

FIG. 2 shows a partial schematic diagram of a memory
device, according to an embodiment of the invention.

FIG. 3 shows an example of threshold voltage value ranges
of'the memory device of FIG. 2, according to an embodiment
of the invention.

FIG. 4A is a graph showing relationships among values of
digital information, threshold voltages, and an analog ramp
signal, according to an embodiment of the invention.

FIG. 4B is a chart showing relationships among example
values of the digital information, threshold voltages, and ana-
log ramp signal of FIG. 4A and additional information includ-
ing addresses and associated code values, according to an
embodiment of the invention.

FIG. 5A shows an example of changes in the threshold
voltage value ranges of FIG. 3, according to an embodiment
of the invention.

FIG. 5B is a chart showing relationships among digital
information and threshold voltage value ranges before and
after the changes shown in FIG. 5A, according to an embodi-
ment of the invention.

FIG. 6 is a chart showing more detail of a portion of the
chart in FIG. 5B and further showing additional information
including compensation values, according to an embodiment
of the invention.

FIG. 7 shows a schematic diagram of another portion of the
memory device of FIG. 2, according to an embodiment of the
invention.

FIG. 8 shows a block diagram of a compensation unit,
according to an embodiment of the invention.
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FIG. 9 is a flow diagram showing a method including
activities in write and read operations, according to an
embodiment of the invention.

DETAILED DESCRIPTION

FIG. 1 shows a block diagram of an apparatus in the form
of'a memory device 100, according to an embodiment of the
invention. Memory device 100 can include a memory array
102 with memory cells 103 that may be arranged in rows and
columns along with access lines 104 and data lines 105.
Memory device 100 can use access lines 104 to access
memory cells 103 and data lines 105 to exchange information
with memory cells 103. Row access 107 and column access
108 circuitry can respond to an address register 112 to access
memory cells 103 based on row address and column address
signals on lines 110, 111, or both. An input/output (I/O)
circuit 114 can operate to exchange information between
memory cells 103 and lines 110 through a buffer (e.g., page
buffer) unit 140. Lines 110 and 111 can include nodes within
memory device 100 or pins (or solder balls) on a package
where memory device 100 can reside. Buffer unit 140 can
include sense amplifiers and latch circuits (not shown in FIG.
1) that can operate during an operation (e.g., a read or write
operation) of memory device 100 to determine the values of
information to be stored in or retrieved from memory cells
103.

A controller 116 can control operations of memory device
100 based on signals present on lines 110 and 111. A device
(e.g., aprocessor or a memory controller) external to memory
device 100 can send different commands (e.g., read, write, or
erase commands) to memory device 100 using different com-
binations of signals on lines 110, 111, or both. The device
(e.g., a processor or a memory controller) that sends difterent
commands to memory device 100 can be formed on a same
semiconductor die as memory device 100, or such a device
(e.g., aprocessor or a memory controller) could be formed on
a semiconductor die different from a semiconductor die that
forms memory device 100.

Memory device 100 can respond to commands to perform
memory operations on memory cells 103, such as performing
awrite (e.g., programming) operation to store (e.g., program)
information in memory cells 103 or a read operation to
retrieve information from memory cells 103. Memory device
100 can also perform an erase operation to clear information
from some or all of memory cells 103.

Each of memory cells 103 can be programmed to store
information representing a value of a fraction of a bit, a value
of a single bit, or a value of multiple bits such as two, three,
four, or another number of bits. For example, each of memory
cells 103 can be programmed to store information represent-
ing a binary value “0” or ““1” for a single bit. The single bit per
cell is sometimes called a single level cell. In another
example, each of memory cells 103 can be programmed to
store information representing a value for multiple bits, such
as one of four possible values “007, “01”, “10”, and “11” of
two bits, one of eight possible values “000”, “001”, “010”,
“0117,1007,“101”,“110”, and “111” of three bits, or one of
other values of another number of multiple bits. A cell thathas
the ability to store multiple bits is sometimes called a multi-
level cell (or multi-state cell).

Memory device 100 can include a non-volatile memory
device, and memory cells 103 can include non-volatile
memory cells, such that memory cells 103 can retain infor-
mation stored thereon when power is disconnected from
memory device 100. For example, memory device 100 can be
a flash memory device, such as a NAND flash or a NOR flash
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memory device, or another kind of memory device, such as a
variable resistance memory device (e.g., a phase change or
resistive RAM device).

Memory device 100 can include a memory device where
memory cells 103 can be physically located on multiple levels
on the same device, such that some of memory cells 103 can
be stacked over some other memory cells 103 in multiple
device levels over a substrate (e.g., a semiconductor sub-
strate) of memory device 100.

One of ordinary skill in the art may recognize that memory
device 100 may include other elements, several of which are
notshown in FIG. 1, so as to not obscure the example embodi-
ments described herein.

Memory device 100 can include a memory device and
operations similar to or identical to memory devices
described below with reference to FIG. 2 through FIG. 9.

FIG. 2 shows a partial schematic diagram of a memory
device 200, according to an embodiment of the invention.
Memory device 200 can be associated with memory device
100 of FIG. 1. For example, memory army 202 of FIG. 2 can
form a portion of memory array 102 of memory device 100. In
FIG. 2, memory device 200 can include memory cells 210,
211, 212, and 213 that can be coupled in memory cell strings,
such as memory cell strings 230, 231, 232, and 233. FIG. 2
shows an example of four memory cell strings and four
memory cells in each memory cell string. The number of
memory cell strings and memory cells in each memory cell
string can vary,

Memory device 200 can include access lines 260,261, 262,
and 263, which can form part of control gates for memory
cells 210, 211, 212, and 213. Memory device 200 can use
access lines 260, 261, 262, and 263 to access memory cells
210, 211, 212, and 213 in order to store information in
memory cells 210, 211, 212, and 213 during a write operation
and to retrieve information from memory cells 210, 211, 212,
and 213 during a read operation.

Memory device 200 can include transistors 235 and 236
(responsive to signals SELa and SELDb, respectively) to
couple memory cells 210,211, 212, and 213 to respective data
lines 270, 271, 272, and 273 and to line 291. Line 291 can
carry a signal SL (e.g., source signal) and can form part of a
source (e.g., source line) of memory device 200.

Memory device 200 can use data lines 270, 271, 272, and
273 to determine the values of information to be stored in
(e.g., during a write operation) or retrieved from (e.g., during
a read operation) memory cells 210, 211, 212, and 213.

Memory device 200 can apply a signal (e.g., programming
signal) V gz ca, t0 access line 261 (e.g., selected access line)
and a signal Vpass to each of access lines (e.g., unselected
access lines) 260, 262, and 263 during a write operation to
store information in one or more selected memory cells 210,
211, and 213 associated with access line 261. Signal Vpass
can be provided with a voltage (e.g., 10 volts (V)) to allow
memory cells 210 associated with access lines 260, 262, and
263 to operate as pass elements. Signal V 5, can include a
number of pulses with different pulse magnitudes (e.g., from
18V to 20V). During a write operation, memory device 200
can apply signal (e.g., an analog ramp signal) V. ,,,» between
the pulses of signal V 5 ,,to access line 261. Signal Vg ,,,»
can allow memory device 200 to check (e.g., verify) whether
the threshold voltage values of the selected memory cells
have reached their respective target threshold voltage values.
In a read operation, memory device 200 can use the same
signal V., - to determine the values of information retrieved
from memory cells 210, 211, 212, and 213.
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Memory device 200 can includes an /O circuit 214 to
exchange information between memory cells 103 and other
devices external to memory device 200.

Memory device 200 can include a buffer unit 240 that can
include sense amplifiers (SENSE AMP) 280, 281, 282, and
283, and latch circuits 250, 251, 252, and 253. Sense ampli-
fiers 280, 281, 282, and 283 can individually perform a sense
operation to respectively sense values of signals BLO, BL1,
BL2, and BL3 on corresponding lines 270, 271, 272, and 273.
Sense amplifiers 280, 281, 282, and 283 can provide corre-
sponding signals SEN_OUT,, SEN_OUT,, SEN_OUT,, and
SEN_OUTj;, to indicate a sense result based on the sense
operation. The sense operation can be performed during a
write operation and a read operation. During a write opera-
tion, the sense result can allow memory device 200 to check
(e.g., verify) whether the threshold voltage values represent-
ing the values of information in memory cells 210, 211, 212,
and 213 have reached their target threshold voltage values.
During a read operation, the sense result can allow memory
device 200 to determine the values of information retrieved
from memory cells 210, 211, 212, and 213.

Latch circuits 250, 251, 252, and 253 can store (e.g., latch)
information (e.g., bits of data). In a write operation, the values
of information in latch circuits 250, 251, 252, and 253 can
represent the values of information to be stored in memory
cells 210, 211, 212, and 213. In can a read operation, the
values of information in latch circuits 250, 251, 252, and 253
can represent the values of information retrieved from
memory cells 210, 211, 212, and 213.

Memory device 200 can include a storage unit 220 to store
codes, such as codes CODE,, to CODE,, at storage locations
221, to 221, Each of storage locations 221, to 221, can be
associated with an address having a unique address value.
Codes CODE, to CODE,, can be seclected based on their
addresses. Thus, storage locations 221, to 221,, can be
addressable storage locations.

Codes CODE,, to CODE, have corresponding code values
that can represent values of information to be stored in (e.g.,
in a write operation) or retrieved from (e.g., in a read opera-
tion) memory cells 210, 211, 212, and 213. Each of codes
CODE, to CODE,, can include a combination of bits to pro-
vide a code value (e.g., binary value “101”). The code values
of codes CODE,, to CODE,, can be used to represent values
for multiple bits of information. For example, if each of
memory cells 210, 211, 212, and 213 is configured as a 3-bit
per cell (multilevel cell), then codes CODE,, to CODE,, can
include code values to represent values for all combinations
of three bits (e.g., “000,” “001,” “010,” “011,” <“100,” <“101,”
“110,” and “111”) that can be stored in memory cells 210,
211, 212, and 213.

During an operation (e.g., write or read operation) of
memory device 200, storage unit 220 can selectively provide
codes CODE, to CODE,, to latch circuits 250, 251, 252, and
253 as code CODEi. The value of code CODE] can be based
on the value of information to be stored in (e.g., in a write
operation) or retrieved from (e.g., in a read operation) a
selected memory cell among memory cells 210,211,212, and
213. Thus, the value of code CODEi provided to latch circuits
250 to 253 can be the same or different from each other,
depending on the value of information to be stored in or
retrieved from the selected memory cell associated with latch
circuits 250 to 253.

Memory device 200 can include a table (e.g., translation
table) 299. Table 299 can be implemented by software, firm-
ware, or hardware, or by any combination of software, firm-
ware, and hardware. Table 299 can include information such
as codes CODE,, to CODE,, and addresses associated with
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these codes. Storage unit 220 can implement at least part of
table 299. For example, storage unit 220 can include physical
memory (e.g., a static random access memory (SRAM) or
other non-volatile memory) that can be used to store codes
(e.g., codes CODE, to CODE,)) included in table 299.

The information in table 299 can allow memory device 200
to form relationships among a number of values, including
relationships between values of signal Vg ,,,» and corre-
sponding values of codes CODE,, to CODE,,. Such relation-
ships in table 299 are described in more detail with reference
to the charts shown in FIG. 3 through FIG. 6. In FIG. 2, by
referring to the information in table 299, memory device 200
can select an appropriate code (e.g., CODE1) among codes
CODE, to CODE,, based at least in part on the value of signal
V raaee- The selected code (e.g., CODFEi) represents the value
of information to be stored in or retrieved from memory cells
210, 211, 212, and 213.

Memory device 200 can include a compensation unit 225
to compensate for changes in threshold voltage values of
memory cells 210, 211, 212, and 213. The threshold voltage
values of memory cells 210,211, 212, and 213 can be used to
represent the value of information stored in memory cells
210, 211, 212, and 213. In some instances, factors such as
changes in operating temperature or voltage, or both, or other
factors, may cause the threshold voltage values of memory
cells 210, 211, 212, and 213 to change. Compensating for the
change in threshold voltage values can allow memory device
200 to provide the correct value (e.g., original value) of infor-
mation stored in memory cells 210, 211, 212, and 213.

As shown in FIG. 2, compensation unit 225 can store
compensation information, such as compensation informa-
tion COMP, to COMP,,. Each of compensation information
COMP, to COMP,, can include a compensation value. The
compensation value can be a number less than zero (negative
number), equal to zero, or greater than zero (positive num-
ber). During a read operation of memory device 200, com-
pensation unit 225 can provide compensation information
COMP1, which is one of compensation information COMP,,
to COMP, . Storage unit 220 can select code CODEi based on
a compensation value of compensation information COMP1
and the address value associated with a storage location in
storage unit 220.

Without compensating for the value change, the code (e.g.,
CODE) selected by storage unit 220 (to represent the value of
information stored in memory cells 210, 211, 212, and 213)
may be an incorrect code. Thus, an incorrect value of infor-
mation may be provided to latch circuits 250 to 253 and
subsequently to I/O circuit 214. With compensation, in more
detail below with reference to FIG. 3 through FIG. 9, the
correct value of information retrieved from memory cells
210, 211, 212, and 213 can be determined and provided to
latch circuit 250 and then to I/O circuit 214.

In FIG. 2, storage unit 220 (or part of it), compensation unit
225 (or part of it), and/or table 229 (or part of it) can be
included in a controller of memory device 200 that can be
similar to or identical to controller 116 of memory device 100
of FIG. 1.

FIG. 3 shows an example of threshold voltage value ranges
300 through 307 of corresponding threshold voltages VT,
through VT, of memory device 200 of FIG. 2, according to an
embodiment of the invention. As described above, memory
device 200 can be a multi-level cell memory device. For
example, memory device 200 can be a 3-bit per cell memory
device. FIG. 3 shows eight levels (sometimes called states),
level 0 (L0) through level 7 (L7) that can be used to represent
the value of eight different combinations of three bits. Each
level has a threshold voltage value range for a corresponding
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threshold voltage for a large number of memory cells. For
example, levels L0 through 1.7 have respective threshold volt-
age value ranges for threshold voltages VT, through VT,.

Each of threshold voltage value ranges 300 to 307 can be
used to represent a value for multiple bits. For example, FI1G.
3 shows eight threshold voltage value ranges that can be used
to represents all eight possible binary values for three bits,
including values 111, 011, 001, 101, 100, 000, 010, and 110
corresponding to ranges 300 to 307, respectively. FIG. 3
shows an example order values of three bits. Other orders can
be used.

The value of information to be stored in a memory cell
during a write operation can correspond to the threshold
voltage value within one of threshold voltage value ranges
300 to 307. During a write operation, each of threshold volt-
ages VT, through VT, can be a target threshold voltage for a
particular memory cell. Thus, a target threshold voltage value
can be within any of threshold voltage value ranges 300
through 307. A memory cell that is selected to store informa-
tion during a write operation is deemed to have reached its
target threshold voltage if the threshold voltage value of that
memory cell is within the threshold voltage value range (one
of'ranges 300 to 307) for that level during the write operation.
For example, if a memory cell is selected to store information
having a value corresponding to level L3 (e.g., value of
“1017), that selected memory cell is deemed to have reached
its target threshold voltage if the threshold voltage value of
that selected memory cell during the write operation is within
threshold voltage value range 303 (associated with level L.3).
A sense result from a sensing operation (e.g., performed by
sense amplifiers 280 to 283 of FIG. 2) can be used to deter-
mine whether the selected memory cell has reached its target
threshold voltage.

As shown in FIG. 3, threshold voltage VT, can have thresh-
old voltage value range 301, ranging from a lower limit value
corresponding to threshold voltage value Vt, , (e.g., 0.5V) to
anupper limit value corresponding to threshold voltage value
Vt, 5 (e.g., 1.0V). Threshold voltage VT, can have threshold
voltage value range 302, ranging from a tower limit value
corresponding to threshold voltage value Vt, , (e.g., 1.5V) to
anupper limit value corresponding to threshold voltage value
Vi, (e.g., 2.0V). Each of the other threshold voltages VT,
and VT; through VT, can also have a lower limit value and an
upper limit value in their corresponding threshold voltage
value range, such as threshold voltage values Vt, , and Vt,z,
Vi, , and Vt,z, Vi, , and Vi, 5, Vi, and V5, Vi, and Vt
and Vt,, and Vt 5.

FIG. 4A is a graph showing relationships among values of
information IN, threshold voltages VT, through VT, and
signal Vg ,,.», according to an embodiment of the invention.
During a write operation, signal V ,,,» can be used to check
(e.g., verify) whether a threshold voltage of a selected
memory reaches its target threshold voltage value. During a
read operation, the same signal V,,,» can be used to deter-
mine the value of information retrieved from a selected
memory cell.

As shown in FIG. 4A, signal V ,,,» can be an analog ramp
signal with increasing steps, such as a step (e.g., a starting
step) associated with a voltage V0 (e.g., zero volts) and a step
(e.g., ending step) associated with a voltage V75 (e.g., 7.5
volts). FIG. 4A shows an example where signal Vg ,,,» can
start from a step associated with zero volts and end with a step
associated with 7.5V. The start and end voltage values of
signal Vg ,,,» can vary. For example, signal Vi ,,,» can start
from a negative voltage and end at a voltage different from
7.5V.
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Signal Vg ,,.» can be generated based on information IN.
Information IN can be digital information (e.g., provided by
a digital signal), Information IN can include digital values.
Each step of signal V,,,» can be generated based on a cor-
responding value of information IN. For example, a first step
(associated with a voltage V0) of signal V. ,,,» can be gen-
erated based on a first value (value 0) of information IN. The
fifth and tenth steps of signal V. ,,,» can be generated based
on fifth and tenth values, respectively, of information IN.
Based on this pattern, the steps of signal V,,,» can be
sequentially generated based on sequential values of infor-
mation IN. As an example, information IN can include counts
from a counter in memory device 200. The counts from infor-
mation IN can be provided to an input of a digital to analog
converter (DAC) memory device 200. Based on the counts
from information IN, the DAC can generate an analog ramp
signal, such as signal Vg ,,,», at its output.

FIG. 4B is a chart 450 showing relationships among
example values of information IN, signal V4, ,», and thresh-
old voltage value ranges 300 to 307 of FIG. 4A and additional
information including addresses and associated code values,
according to an embodiment of the invention.

As shown in FIG. 4B, information IN can include values
(shown in both decimal and binary forms) from zero to 75 in
a consecutive order. The values of information IN can be
organized into sets of values, such as set of values 400 to set
ofvalues 407. Each of sets of values 400 to 407 can include a
number of values, which can be in a consecutive order. The
values from one set to another set, however, can be in a
non-consecutive order. In other words, the values from one set
to another set are not continuous. For example, set of values
403 can include six values in a consecutive order from 25 to
30. Set of values 404 can include six values in a consecutive
order from 35 to 40. Set of values 405 can include six values
in a consecutive order from 45 to 50. In this example, values
from 31 to 34 and from 41 to 44 can be excluded from sets of
values 403, 404, and 405. FIG. 4B shows an equal number
(e.g., six) of values in sets of values 400 to 407 as an example.
The number of values from one set to another set can be
different. For example, one set can have six values and
another set can have five or seven values, or other numbers.
The number of values in each of sets of values 400 to 407 can
be based on the threshold voltage value range (e.g. how wide
or how narrow) of a corresponding threshold voltage (FIG.
4A),

As shown in FIG. 4B, each of sets of values 400 to 407 can
be associated with a respective threshold voltage value ranges
300to 307 of FIG. 4A. For example, set of values 403 can be
associated with threshold voltage value range 303 that corre-
sponds to threshold voltage values Vt, , to Vt,z. Set of values
404 can be associated with threshold voltage value range 304
that corresponds to threshold voltage values Vt,, to Vt,z.

Addresses ADDR, to ADDR 5 in FIG. 4B can be addresses
associated with storage locations 221, to 221, of storage unit
220 of FIG. 2. Thus, each of codes CODE, to CODE,, (FIG.
2) stored in corresponding storage locations 221, to 221,,can
be associated with one of addresses ADDR,, to ADDRs.
Each of addresses ADDR,, to ADDR,; can have an address
value, which can be a value of a combination of bits. For
example, if eight bits are used to represent the address values
of addresses ADDR, to ADDR., then the value of each of
addresses ADDR,, to ADDR, 5 can correspond to a value of
eight bits. The address values can be in consecutive order
corresponding to the index numbers (e.g., index 0 to 75) of
addresses ADDR, to ADDR,,. For example, addresses
ADDR, can have an address value 00000000, address
ADDR, can have an address value 00000001, and so on, such
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that address ADDR,5 can have an address value 01001011.
The order of these address values can correspond to (e.g., can
be the same as) the order of the values of information IN
shown in FIG. 4B. Thus, the relationship between the values
of'information IN and the address values of addresses ADDR,
to ADDR,; can be a linear relationship.

FIG. 4B shows an example of 76 addresses (ADDR,, to
ADDR ;) associated with 76 corresponding storage locations
221,10 221,,where N=75. The number of addresses can vary,
depending on the number of storage locations of storage unit
220.

Addresses ADDR, to ADDR,5 can be organized into
address ranges. As shown in FIG. 4B, the address ranges can
be associated with sets of values 400 to 407 of information IN.
For example, the address range having addresses ADDR,5 to
ADDR;, can be associated with set of values 403. In another
example, the address range having addresses ADDR;; to
ADDR,, can be associated with set of values 404.

Code values (binary values) 111, 011, 001, 101, 100, 000,
010, and 110 in FIG. 4B are values of codes CODE, to
CODE,, (FIG. 2) stored in corresponding locations storage
locations 221, to 221,. Each of these code values can be
associated with an address range in addresses ADDR, to
ADDR_;. Thus, the addresses within the same address range
can be associated with the same code value. For example, the
address range having addresses ADDR, 5 to ADDR,,, can be
associated with the same code value “101”. In another
example, the address range having addresses ADDR;; to
ADDR ,, can be associated with the same code value “100”.

FIG. 4B does not show some code values associated with
certain addresses to indicate that such code values (not
shown) can be different from the code values (e.g., shown as
111, 011, 001, 101, 100,000, 010, and 110) associated with
the address ranges of ADDR, to ADDR 5. For example, code
values (not shown in FIG. 4B) associated with addresses
ADDR;, to ADDR,, (addresses between addresses ADDR;,
and ADDR;;) can be different from code values “101” and
“100” associated with addresses ADDR,5 to ADDR;, and
addresses ADDR, to ADDR,,,, respectively.

Some or all of information in chart 450 can be part of table
299 (FIG. 2). Memory device 200 can store information in
memory cells 210,211,212, and 213 during a write operation
with values based on chart 450. For example, in a write
operation, if information having a value (binary value) of
“101” is to be stored in a selected memory cell among
memory cells 210, 211, 212, and 213, then (based on chart
450) memory device 200 can perform the write operation to
cause the threshold voltage of the selected memory cell to
reach a target threshold voltage value within a threshold volt-
age value range between the values of Vt,, and Vt;; (e.g.,
between 2.5V to 3.0V). Thus, right after the write operation,
the threshold voltage value of the selected memory cell can be
between threshold voltage values Vt; , and Vt,; correspond-
ing to value “101,” which is the value of information stored in
the selected memory cell in this example.

FIG. 5A shows an example of changes in the threshold
voltage value ranges of FIG. 3, according to an embodiment
of'the invention. Threshold voltage value ranges 303 to 307 of
FIG. 3 are shown as a dashed line in 5A. Threshold voltage
value ranges 300' to 307' (shown as a solid line in FIG. 5A)
correspond to changes of their respective threshold voltage
value ranges 300 to 307.

Threshold voltage value ranges 300' to 307' can be deter-
mined by, for example, storing information in memory cells
210,211,212, and 213 during a write operation. The values of
the information to be stored can be based on corresponding
threshold voltage value ranges 303 to 307. After the informa-
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tion is stored, factors that are expected to cause the threshold
voltage values to change, as described above, can be induced
to memory device 200 during a read operation retrieving the
stored information. Then, based on the threshold voltage val-
ues retrieved from memory cells 210, 211, 212, and 213 in the
read operation, threshold voltage value ranges 300' to 307" in
FIG. 5A can be determined.

Thus, the voltage values in threshold voltage value ranges
303 to 307 (original values) and in their respective threshold
voltage value ranges 300' to 307" (retrieved values) are known
values. Therefore, the lower and upper limit values of thresh-
old voltage value ranges 300 to 307 and 300" to 307" are
known values. Similar to FIG. 3, the lower and upper limit
values each of threshold voltage value ranges 300' to 307" in
FIG. 5A can include threshold voltage values Vt,,.and Vt 5,
Vt, . and Vt, 5, Vt,,, and Vt,z, Vt;,. and Vt,5, Vi, and
Vt,z, Vis, and Visz, Vig,, and Vtgz, and Vt, ,, and Vt 5.
Based on these known values of threshold voltage value
ranges 303 to 307 and 303' to 307", a compensation value
(e.g., values of compensation information COMP, to
COMP,,in FIG. 2) for each of threshold voltage value ranges
303 to 307 can be determined.

As shown in FIG. 5A, some of threshold voltage value
ranges 300' to 307" (e.g., 301", 302',303', 305", 306', and 307")
can be different from their respective threshold voltage value
ranges 303 to 307. Some of threshold voltage value ranges
303' to 307" (e.g., 300' and 304") can be the same as their
respective threshold voltage value ranges 303 to 307.

Changes among threshold voltage value ranges can be
different in directions (e.g., some can increase in values and
some can decrease in values). For example, as shown in FIG.
5A, the lower and upper limit values (Vt, ;. and Vt,z,) of the
threshold voltage value range associated with level L3 can
increase relative to their respective limit values (Vt;, and
Vt,z) before the change. In another example, the lower and
upper limit values (Vts, and Vtsz,) of the threshold voltage
value range associated with level L5 can decrease relative to
their respective limit values (Vt5, and Vtz) before the
change.

The changes among threshold voltage value ranges can be
different in values. For example, the lower and upper limit
values of the threshold voltage value range associated with
level L3 can change (e.g., increase) by a greater amount than
that of lower and upper limit values of the threshold voltage
value range associated with level L.2.

FIG. 5B is a chart 550 showing relationships among infor-
mation IN and threshold voltage value ranges 303 to 307 and
300' to 307 of FIG. 5A, according to an embodiment of the
invention. Chart 550 is the same as chart 450 in FIG. 4B,
except for column 551 and set of values 400' to set of values
407 of information IN. Column 551 shows changes in thresh-
old voltage value ranges 303" to 307" relative to the threshold
voltage value ranges 303 to 307. Set of values 400" to 407" of
information IN can be associated with threshold voltage value
ranges 303' to 307'. Some or all of information in chart 550
can be part of table 299 (FIG. 2).

As shown in FIG. 5B, some of sets of values 400" to 407'
(e.g. 400" and 404') can be the same of their respective sets of
values 400 to 407. Some of sets of values 400' to 407" (e.g.
401', 402", 403', 405, 406' and 407") can be different from sets
of values 400 to 407.

Based on chart 550 during a read operation, memory
device 200 (FIG. 2) can provide appropriate compensation, so
that correct value (original value) of information stored in the
memory cells can be determined even if their threshold volt-
age values change. For example, as shown in chart 550, the
threshold voltage value ranges associated with sets of values
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400 to 407 of information IN may change to their respective
threshold voltage value ranges associated with sets of values
400" to 407' of information IN.

FIG. 6 is a chart 650 showing more detail of a portion of
chart 550 of FIG. 5B and further showing additional infor-
mation including compensation values 643, 644, and 645,
according to an embodiment of the invention. Some or all of
information in chart 650 can be part of table 299 (FIG. 2).

Compensation values 643, 644, and 645 in chart 650 can be
used during a read operation to determine a correct address
(FIG. 5B) at which an associated code value (FIG. 5B) can be
selected to represent the value of information stored in a
memory cell. As shown in FIG. 6, compensation values 643,
644, and 645 can be less than zero, equal to zero, or greater
than zero. For example, compensation values 643, 644, and
645 can be -4, 0, and +3, respectively.

Compensation values 643, 644, and 645 can be determined
(e.g., calculated) based on their respective offset values 633,
634, and 635. For example, compensation values 643, 644,
and 645 can have values —4, 0, and +3, respectively, and offset
values 633, 634, and 635 have values of +4, 0, and -3, respec-
tively. Thus, compensation values 643, 644, and 645 can be
equal to offset values 633, 634, and 635, respectively, but with
opposite signs (+ or —).

Offset values 633, 634, and 635 can be determined from
offsets 623, 624, and 625, which can be determined based on
corresponding limit values (e.g., lower or upper limit value)
of two sets of values of information IN, one from sets of
values 400' to 407" and another one from sets of values 400 to
407. For example, offset 623 can be determined based on a
difference between a value (e.g., lower limit) in set of values
403' and a value (e.g., lower limit) in set of values 403. As
shown in FIG. 6, sets of values 403' and 403 can have lower
limits of 29 and 25, respectively. Thus, offset 623 can have an
offset value of +4 (29 minus 25). Similarly, offset 625 can
have an offset value of -3 (42 minus 45). Offset 624 can have
a value of zero because sets of values 404 and 404' can have
the same limits (e.g., unchanged), from 35 to 40. Other offset
values between sets of values 400" to 407" and corresponding
sets of values 400 to 407 can be determined in a similar way.
Thus, based on sets of values 400' to 407" of information IN
and corresponding sets of values 400 to 407 of information
IN, the offset values can include 0, -1, +2, +4, 0, -3, =2, and
+4, respectively. Therefore, the compensation values associ-
ated with sets of values 400' to 407 can include 0, +1, -2, -4,
0, +3, +2, and -4, respectively.

FIG. 6 also shows values 613, 613, 615,, and 615,
associated with changes in threshold voltage values Vi, ,,
Vt; 5, Vts,, and Vit g, respectively. FIG. 6 shows an example
where values 613, and 6135 can be the same (e.g., corre-
sponding to four values of information IN) and values 615,
and 615, can be the same (e.g., corresponding to three values
of information IN). Values 613, and 613 can be different
from each other. Similarly, values 615, and 615, can be
different from each other. FIG. 6 also shows values 614, and
614, associated with threshold voltage values Vt, , and Vit .,
respectively. Values 614, and 614, can be zero because the
threshold voltage value range corresponding to threshold
voltage values Vt, , and Vt,; can remain unchanged, such that
threshold voltage values Vt, , and Vt, can be equal to thresh-
old voltage values Vt, ;. and Vt,z, respectively.

Based on the relationships among values in chart 450 (FIG.
4B), chart 550 (FIG. 5B), and chart 650 (FIG. 6), memory
device 200 (FIG. 2) can apply compensation values in the
digital domain to select correct code values. For example,
memory device 200 can use the compensation values of com-
pensation information COMP, to COMP,, to select correct
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code values of codes COMP,, to COMP at storage locations
having address values based on the compensation values.
This allows different compensation values to be applied to
different changes among the threshold voltage value ranges
of memory cells 210, 211, 212, and 213.

FIG. 7 shows a schematic diagram of another portion of
memory device 200, according to an embodiment of the
invention. For simplicity, FIG. 7 shows only one memory cell
string, including a memory cell 210, and associated line 270,
sense amplifier 280, and latch circuit 250.

Memory device 200 can include an access line voltage
controller 730, which can be part of a row access circuitry
similar to row access 107 circuitry of FIG. 1. Access line
voltage controller 730 can provide signals V-, SELb,
Vpass, SELa, and SL that can correspond to those of FIG. 2.
Line 261 in FIG. 7 is the same as line 261 of FIG. 2.

Memory device 200 can include a digital source 745 that
can include a counter 746. Counter 746 can generate a num-
ber of counts. Each count can include a value based on a
combination of bits. For example, each count can include
eight bits having a value similar to or identical to the value
(binary value) of information IN shown in chart 450 (FIG.
4B), chart 550 (FIG. 5B), and chart 650 (FIG. 6). As shown in
FIG. 7, digital source 745 can generate information IN, which
can have values based on values of the counts from counter
746. Information IN can be provided to both compensation
unit 225 and a voltage generator 740,

Voltage generator 740 can generate signal V ,, » based on
information IN. For example, voltage generator 740 can
include a DAC 741 having an input 742 and an output 743.
DAC 741 can receive information IN in the form of combi-
nations of bits at its input and generate signal V .- at output
743 with values (e.g., analog value) corresponding to the
combinations of bits.

Storage unit 220 and compensation unit 225 can operate in
fashions described above with reference to FIG. 2 through
FIG. 6.

The following description describes an example read
operation to retrieve information from memory cell 210 based
on chart 550 (FIG. 5B) and chart 650 (FIG. 6).

Inaread operation, signal V. ,,,»can be applied to line 261
as shown in FIG. 7. At each step of signal V, . sense
amplifier 280 can perform a sense operation to sense signal
BLO to determine whether a conduction of current through
memory cell 261 has occurred. For example, if signal
SEN_OUT, changes from one level (e.g., high) to another
level (e.g., low) during the sense operation, then it can be
determined that the conduction of current through memory
cell 210 has occurred. If signal SEN_OUT, remains
unchanged at the same level (e.g., remains at a high level)
during the sense operation, then it can be determined that no
conduction of current through memory cell 210 has occurred.

If the conduction of current has occurred, storage unit 220
can select one of codes CODE, to CODE,,to be code CODE1
and provide it to latch circuit 250. The value from latch circuit
250 (which is the same as the value of CODE;) can be pro-
vided to I/O circuit 214 as the value of information retrieved
memory cell 210. I/O circuit 214 can provide the value of
information to an external device (e.g., a processor) for fur-
ther processing.

If no conduction of current through memory cell 210 has
occurred, memory device 200 can repeat the sense operation
in one or more subsequent steps of signal V., until the
conduction of current has occurred.

Storage unit 220 can select code CODEi based on a com-
bination (e.g., sum) of the compensation value of compensa-
tion information COMP, and the address value of one of
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addresses ADDR, to ADDR.;. The combination can be
expressed as ADDR, . where “J” represents index of the
address (e.g., “J” can be from 0 to 75 as shown in the example
of FIG. 5B). Address ADDR ,corresponds to an address (chart
550 in FIG. 5B) associated with a value of information IN that
is associated with the voltage value of signal Vg, that
causes a conduction of current through memory cell 210 to
occur. In ADDR, ., “C” represents the compensation value
of code COMP, associated with the set of values of informa-
tion IN that is associated with the voltage of signal V ,, ,» that
causes a conduction of current through memory cell to occur.
Thus, based on the compensation value and the address value
of address ADDR ,, a correct code value for CODEi can be
determined to represent the value of information retrieved
from memory cell 210.

For example, as shown in chart 550 of FIG. 5B and chart
650 of FIG. 6, if the original value of information stored in
memory cell 210 is “101” (binary value), which can corre-
spond to threshold voltage value Vt,z, and if during a read
operation a current conduction through memory cell 210
occurs when signal Vg, - has a voltage V34 (e.g., 3.4V),
then in this example, address ADDR ~=ADDR;, (based on
chart 550 in FIG. 5B) because it is the address associated with
voltage V34 of signal V .. Compensation value “C” in this
example is —4 (based on chart 650 in FIG. 6) because is it
associated with set of values 403' (values 29 to 34) of infor-
mation IN that is associated with voltage V34 of signal
Ve Thus, in this example, address ADDg, -~
ADDg34,4=ADDR;,. Therefore, storage unit 220 can
select a code (among codes CODE, to CODE),)) associated
with address ADDR,,, to be code CODEi and provide it to
latch circuit 250. In this example, the code having a code
value “101” (based on chart 550 in FIG. 5B) is selected
because code value “101” is associated with address
ADDR;,,. Thus, code value “101,” which is the same as the
original value “101” stored in memory cell 210, is provided to
latch circuit 250 as the value of information stored in memory
cell 210.

in another example, as shown in chart 550 of FIG. 5B and
chart 650 of FIG. 6, if the original value of information stored
in memory cell 210 is “000” (binary value), and if during a
read operation a current conduction through memory cell 210
occurs when signal Vg, has a voltage V42 (e.g., 4.2V),
then in this example, address ADDR ~=ADDR,, because
(based on chart 550 in FIG. 5B) it can be the address associ-
ated with voltage V42 of signal V4 ,,,». Compensation value
“C” in this example is +3 (based on chart 650 in FIG. 6)
because is it associated with set of values 405' (values 42 to
47) of information IN that is associated with voltage V42 of
signal Vg . Thus, in this example, address ADDR,, .~
ADDR,;,(,5=ADDR;. Therefore, storage unit 220 can
select a code associated with address ADDR 45 to be code
CODEi and provide it to latch circuit 250. In this example, the
code having a code value “000” (based on chart 550 in FIG.
5B) is selected because code value “000” is associated with
address ADDR ;5. Thus, code value “000”, which is the same
as the original value “000” stored in memory cell 210, is
provided to latch circuit 250 as the value of information
stored in memory cell 210.

In a further example, as shown in chart 550 of FIG. 5B and
chart 650 of FIG. 6, if the original value of information stored
in memory cell 210 is “100” (binary value), and if during a
read operation a current conduction through memory cell 210
occurs when signal Vg, has a voltage V35 (e.g., 3.5V),
then in this example, address ADDR ~=ADDR;; (based on
chart 550 in FIG. 5B) because it can be the address associated
with voltage V35 of signal V. ,,,». Compensation value “C”
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in this example is zero (based on chart 650 in FIG. 6) because
is it associated with set of values 404" (values 35 to 40) of
information IN that is associated with voltage V35 of signal
Vizganr- Thus, in this example, address ADDR,, =
ADDR;s, v=ADDR;;. Therefore, storage unit 220 can
select a code associated with address ADDR;5 to be code
CODEi and provide it to latch circuit 250. In this example, the
code having a code value “100” (based on chart 550 in FIG.
5B) is selected because code value “100” is associated with
address ADDR,. Thus, code value “100”, which is the same
as the original value “100” stored in memory cell 210, is
provided to latch circuit 250 as the value of information
stored in memory cell 210.

Thus, as described in the above examples, although a
threshold voltage value (e.g., Vt;z) corresponding to the
value (e.g., “101”) of information stored in memory cell 210
during a write operation can change to a different threshold
voltage value (e.g., Vt;z), correct value (e.g., “101”) of the
stored information during a read operation can still be deter-
mined based on compensation techniques described herein.

FIG. 8 shows a block diagram of a compensation unit 825,
according to an embodiment of the invention. Compensation
unit 825 can correspond to compensation unit 225 described
above with reference to FIG. 2 through FIG. 7. As shown in
FIG. 8, compensation unit 825 can include an input 830 to
receive information IN, which can be similar to or identical to
information IN described above with reference to FIG. 2
through FIG. 7. Compensation unit 825 can include storage
components 810 and 820, which can include non-volatile
memory,

Storage components 810 can include storage portions 800"
to 807', each of which can store a group of values. FIG. 8
shows storage portion 800' storing a single value (e.g., zero)
as an example; however, storage portion 800' can store mul-
tiple values (e.g., from some negative values to zero).

As shown in FIG. 8, the groups of values stored in storage
portions 800' to 807' can be based on the values of digital
information, such as based on corresponding sets of values
400' to 407" of information IN in FIG. 58. For example,
storage portion 803' can store a group of values from 29 to 34,
which corresponds to set of values 403" in FIG. 5B. Storage
portion 804' can store a group of values from 35 to 40, which
corresponds to set of values 404' in FIG. 5B. Storage portion
805' can store a group of values from 42 to 47, which corre-
sponds to set of values 405' in FIG. 5B. As shown in FIG. 8,
storage portions 801', 802', 806', and 807' can store respective
groups of values 410 9,17 t0 22, 53 t0 59, and 69 to 74. Similar
to the order of sets of values 400' to 407" of information IN
(FIG. 5B), a group of values stored in each of storage portions
800" to 807" can be in a consecutive order. The number of
values (e.g., six) in each group of values can also be the same
as the number of values in each of sets of values 400' to 407"
of information IN.

FIG. 8 shows compensation unit 825 storing eight groups
of values as an example. The number of groups of value can
vary. For example, the number of groups of value can be based
on the number of threshold voltage value ranges of a memory
device, such as memory device 200 of FIG. 2.

Storage component 820 of FIG. 8 can include storage
portions 840 to 847, each of which can store a compensation
value, such as one of compensation values 0, +1, -2, -4, 0, +3,
-1-2, or -4. These compensation values can be determined
from the values information IN, as described above with
reference to FIG. 5B and FIG. 6. For example, each of com-
pensation values in FIG. 8 can be determined based on a
difference between a value in one set of values (one 0f 400’ to
407 of FIG. 5B) of information IN and a value in another set
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(e.g., one of 400 to 407 of FIG. 5B) of values of information
IN. FIG. 8 shows compensation values of 0, +1, -2, -4, 0, 43,
+2, and -4 as an example, but the compensation values can
vary, depending on the values of changes in corresponding
threshold voltage value ranges, such as changes in threshold
voltage value ranges 300 to 307 (FIG. 5A and FIG. 5B).

Each of the compensation values stored in storage portions
840 to 847 can be associated with a different group of values
stored in storage portions 800' to 807. For example, compen-
sation values 0, +1, -2, -4, 0, +3, +2, and -4 can be associated
with the groups of values stored in storage portions 800' to
807, respectively. This enables memory device 200 to indi-
vidually apply different compensation values for different
threshold voltage value ranges associated with the corre-
sponding group of values stored in storage portions 800' to
807'.

FIG. 8 shows compensation unit 825 storing eight com-
pensation values as an example. The number of compensation
values can vary. For example, the number of compensation
values can be based on the number of threshold voltage value
ranges of a memory device, such as memory device 200 of
FIG. 2.

Compensation unit 825 in F1G. 8 can include a comparator
831 that can operate to compare the values of information IN
with the groups of values stored in each of storage portions
800' to 807" during a read operation. Since the groups of
values stored in each of storage portions 800" to 807" are based
on corresponding set of values information IN, multiple
matches in values can occur between the value of information
IN on input 830 and the groups of values stored in each of
storage portions 800' to 807" when the value of information IN
on input 830 increases during a read operation. Comparator
831 can include components (e.g. inversions (NOT) of exclu-
sive OR gates in FIG. 8) to determine when such matches
occur.

Compensation unit 825 can include a combiner 832 (e.g.,
an adder or other logic components) that can operate during a
read operation to record the occurrences of the matches (per-
formed by comparator 831) and provide the match results to
agroup identifier 833. For example, each time a match occurs,
combiner 832 can increase a value that it uses to identify
which of the groups of values in storage portions 800' to 807'
causes a match to occur.

Group identifier 833 can operate to store a value (e.g.,
group identification) to identify the groups of values in stor-
age portions 800' to 807'. Group identifier 833 can include
storage elements (e.g., latches, flip flops, or others) to store a
value that identifies the groups of values 800' to 807'. For
example, if there are eight groups of values stored in eight
corresponding storage portions 800' to 807" (associated with
eight threshold voltage value ranges), then group identifier
833 can store eight different values. Each of the eight values
can be used to identity different groups among the eight
groups of values. Based on the value stored in group identifier
833, the combination of signals S0, S1, and S2 (representing
three bits) can be appropriately provided with a value (e.g.,
from 0 to seven) corresponding to the value stored in group
identifier 833.

Compensation unit 825 can include a selector (e.g., multi-
plexer) 834 to select compensation values stored in storage
portions 840 to 847 based on the value stored in group iden-
tifier 833 (e.g., values signals S0, S1, and S2). Then, selector
834 can provide the selected compensation value to an output
835 as compensation value COMPi.

As described above with referenced to FIG. 2 through FIG.
7, based on the value of compensation value COMPi (e.g., O,
+1, =2, -4, 0, +3, +2, and -4), a memory device such as
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memory device 200 of FIG. 2, can correctly select a code to
represent a value of information retrieved from memory cell
during a read operation.

FIG. 9 is a flow diagram showing a method 900 including
activities in write and read operations, according to an
embodiment of the invention. Method 900 can be performed
by a memory device, such as memory device 100 (FIG. 1) or
memory device 200 (FIG. 2). Thus, information and values
used in method 900 can be similar to or identical to those
described above with reference to FIG. 1 through FIG. 8.

Activity 910 of method 900 can include storing informa-
tion in a memory cell of the memory device during a write
operation. The information in the write operation can have a
value corresponding to a threshold voltage value of the
memory cell.

Activity 920 of method 900 can include retrieving infor-
mation from the memory cell of the memory device during a
read operation. The information in the read operation can
have a threshold voltage value different from (e.g., greater
than or less than) the threshold voltage value associated with
the information in the write operation. For example, the
threshold voltage value associated with the information in the
write operation activity 910 can be threshold voltage value
Vi (FIG. 6). The threshold voltage value associated with the
information in the read operation activity 920 can be thresh-
old voltage value Vt,z, (FIG. 6), which is greater than thresh-
old voltage value Vt,z, in the write operation in activity 910.
In another example, the threshold voltage value associated
with the information in the write operation activity 910 can be
threshold voltage value Vi, , (FIG. 6). The threshold voltage
value associated with the information in the read operation
activity 920 can be threshold voltage value Vt, . (FIG. 6),
which is less than threshold voltage value Vit , in the write
operation in activity 910.

Activity 930 of method 900 can include providing a com-
pensation value during a read operation (e.g., performed in
activity 920) to compensate for any changes in the threshold
voltage value of the memory cell after the information is
stored in the memory cell. The compensation value can be
similar to or identical to one of the compensation values of
compensation information COMP, to COMP,,, described
above with reference to FIG. 2 through FIG. 8.

Activity 940 of method 900 can include selecting a code
during the read operation to represent the original value of
information stored in the memory cell in the write operation.
The code can have a code value based at least in part on the
compensation value, such that the code value can correctly
represent the original value of information. The code value
can be similar to or identical to the code values of codes
CODE, to CODE,,, described above with reference to FIG. 2
through FIG. 8.

Method 900 can include additional activities and opera-
tions described above with reference to FIG. 2 through FIG. 8.

The apparatuses and methods of various embodiments
described herein may include or be included in electronic
circuitry used in high-speed computers, communication and
signal processing circuitry, single or multi-processor mod-
ules, single or multiple embedded processors, multi-core pro-
cessors, data switches, and application-specific modules
including multilayer, multi-chip modules. Such apparatus
and systems may further be included as sub-components
within a variety of electronic systems, such as televisions,
cellular telephones, personal computers (e.g., laptop comput-
ers, desktop computers, handheld computers, tablet comput-
ers, etc.), workstations, radios, video players, audio players
(e.g., MP3 (Motion Picture Experts Group, Audio Layer 3)
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players), vehicles, medical devices (e.g., heart monitor, blood
pressure monitor, etc.), set top boxes, and others.

The embodiments described above with reference to FIG.
1 through FIG. 9 can include a compensation unit to provide
a compensation value based at least in part on a threshold
voltage value of a memory cell. At least one of such embodi-
ments includes a controller to select a code during an opera-
tion of retrieving information from the memory cell to repre-
sent a value of information stored in the memory cell. Such a
code can be associated with an address having an address
value based at least in part on the compensation value. Other
embodiments including additional memory devices and
methods are described.

The above description and the drawings illustrate some
embodiments of the invention to enable those skilled in the art
to practice the embodiments of the invention. Other embodi-
ments may incorporate structural, logical, electrical, process,
and other changes. Examples merely typify possible varia-
tions. Portions and features of some embodiments may be
included in, or substituted for, those of others. Many other
embodiments will be apparent to those of skill in the art upon
reading and understanding the above description.

What is claimed is:

1. An apparatus comprising:

a compensation unit to provide a compensation value based
at least in part on a threshold voltage value of a memory
cell; and

a controller to select a code during an operation of retriev-
ing information from the memory cell to represent a
value of information stored in the memory cell, the code
associated with an address having an address value
based at least in part on the compensation value.

2. The apparatus of claim 1, wherein the compensation

value is greater than zero.

3. The apparatus of claim 1, wherein the compensation
value is less than zero.

4. The apparatus of claim 1, wherein the compensation
value is zero.

5. The apparatus of claim 1, further comprising storage
locations, the storage locations including a first storage loca-
tion to store the code, the first storage location associated with
the address having the address value, wherein the address
value is a first address value, and the first address value is
based on a combination of the compensation value and a
second address value of an address associated with a second
storage location among the storage locations.

6. The apparatus of claim 1, wherein the apparatus com-
prises a memory device, the memory device comprising the
memory cell.

7. An apparatus comprising:

a compensation unit to provide a first compensation value

and a second compensation value; and

a controller to select a first code during an operation of
retrieving information from a memory cell to represent a
value of information stored in the memory cell if a
threshold voltage of the memory cell during the opera-
tion has a first threshold voltage value, and to select a
second code to represent the value of information stored
in the memory cell if the threshold voltage of the
memory cell during the operation has a second threshold
voltage value, the first code stored at a first location
associated with a first address having a first address
value based at least in part on the first compensation
value, and the second code stored at a second location
associated with a second address having a second
address value based at least in part on the second com-
pensation value.
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8. The apparatus of claim 7, wherein the first compensation
value is different from the second compensation value.
9. The apparatus of claim 7, wherein the first compensation
value is equal to the second compensation value.
10. The apparatus of claim 7, wherein:
the compensation unit is configured to provide a third
compensation value; and
the controller is configured to select a third code during the
operation to represent the value of information stored in
the memory cell if the threshold voltage of the memory
cell during the operation has a third threshold voltage
value, the third code stored at a third location associated
with a third address having a third address value based at
least in part on the third compensation value.
11. The apparatus of claim 10, wherein the first, second,
and third compensation values are different from each other.
12. The apparatus of claim 10, wherein the first and second
compensation values are equal and the third compensation
value is different from the first and second compensation
values.
13. A method comprising:
applying a signal to an access line associated with a
memory cell, the signal being generated based on digital
information;
determining whether a conduction of current through the
memory cell has occurred;
determining a compensation value based on a value of the
digital information; and
selecting a code in response to the determining whether the
conduction of current through the memory cell has
occurred, the code to represent a value of information
stored in the memory cell, and the code to be stored at a
location associated with an address having an address
value based at least in part on a value of the digital
information and the compensation value.
14. The method of claim 13, wherein determining the com-
pensation value includes:
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comparing a value of the digital information with a group
of values to generate a comparison result, the groups of
values having values based on the digital information;
and

selecting the compensation value from a number of com-

pensation values based on the comparison result.

15. The method of claim 13, wherein the signal includes a
ramp signal having different voltage values generated based
on values of the digital information.

16. The method of claim 13, wherein the location is a first
storage location among storage locations in a storage unit, the
address is a first address, the address value is a first address
value, the digital information has a first value associated with
the first address and a second value associated with a second
address of a second storage location among the storage loca-
tions; and

wherein the code is selected when the conduction of cur-

rent through the memory cell has occurred, and the
conduction of current through the memory cell has
occurred when the digital information has the second
value.

17. The method of claim 16, wherein the first address value
is equal to a sum of the compensation value and the second
address value.

18. The method of claim 16, wherein the second address
has a second address value greater than the first address value.

19. The method of claim 16, wherein the second address
has a second address value less than the first address value.

20. The method of claim 16, wherein the compensation
value is zero, such that the second address has a second
address value equal to the first address value.

21. The method of claim 16, wherein the storage locations
are associated with addresses having address values, and the
digital information has values in a linear relationship with the
address values.

22. The method of claim 21, wherein the values of the
digital information are based on counts from a counter.
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